growth cone guidance.
Results

sponses (Campbell and Holt, 2001
). Since both the p42/ p44 and p38 signaling pathways can regulate translation (Gingras et al., 1999), we asked whether netrin-1-and Rapid and Differential Activation of p42/p44 and p38 Elicited by Netrin-1, Sema3A,
Sema3A-induced protein synthesis requires MAPK activation. Protein synthesis was measured directly by addand LPA in Growth Cones
To determine whether MAPK signaling pathways could ing 3 H-leucine to somaless cultures, immediately prior to adding netrin-1, Sema3A, or LPA. The proteins were play a role in chemotropic responses of growth cones, we first examined whether netrin-1, Sema3A, and LPA then precipitated after 10 min by trichloroacetic acid (TCA), followed by scintillation counting (Campbell and could activate the p42/p44 and p38 or the JNK/SAPK in Xenopus retinal growth cones. Using antibodies that Holt, 2001). Netrin-1 and Sema3A treatment led to a 3-to 4-fold increase in TCA-precipitated 3 H-leucine. specifically recognize the active phosphorylated forms of these enzymes together with digital quantitation of This increase was blocked by the p42/p44 inhibitors PD98059 (Dudley et al., 1995) and U0126 (DeSilva et immunofluorescence, we found that the guidance cues netrin-1 and Sema3A but not LPA stimulated approxial., 1998) ( Figures 1X and 1Y ). Netrin-1-induced protein synthesis was also blocked by the p38 inhibitor mately a 2-fold increase in active p42/p44 in growth cones in 5 min (p42/p44-P, Figures 1A-1F ). In addition, SB203580 (Cuenda et al., 1995), whereas Sema3A-induced protein synthesis was unaffected (Figures 1X netrin-1 and LPA but not Sema3A treatment resulted in a similar 2-fold increase in mean fluorescence intensity and 1Y). Thus, netrin-1-and Sema3A-induced protein synthesis requires p42/p44 activity, and netrin-1-but not of active p38 MAPK in growth cones (p38-P, Figures  1L-1Q ). Neither netrin-1, Sema3A, nor LPA led to an Sema3A-induced protein synthesis also requires p38 activity. increase in active JNK/SAPK in growth cones (data not shown), nor did they affect total levels of p42/p44 (p42/ p44-Total, Figures 1G-1K ylation of eIF-4E, eIF-4EBP1, and Mnk-1. Using phosphorylation state-specific antibodies against eIF-4E, induce rapid protein synthesis in isolated retinal growth cones and that when protein synthesis is blocked, retinal eIF-4EBP1, and Mnk-1, the p42/p44 inhibitors PD98059 and U0126 were found to block netrin-1-and Sema3A-growth cones fail to undergo collapse and turning reand is inhibited by the p42/p44 inhibitors PD98059 (25 M, PD) and U0126 (10 M, U0) and by the p38 inhibitor SB203580 (25 M, SB) (X). Netrin-1 and Sema3A increase the relative incorporation as a percentage of control TCA-precipitated 3 H-leucine compared to unstimulated controls in isolated growth cones, which is inhibited by p42/p44 inhibitors (Y). Netrin-1-induced TCA-precipitated 3 H-leucine incorporation is also blocked by inhibition of p38 (Y). *p Ͻ 0.05, **p Ͻ 0.01; Student's t test (F, Q, and Y). Error bars represent standard error of the mean. Scale bars, 10 m. Xenopus retinal growth cones collapse rapidly to form netrin-1-induced attraction involves both the p42/p44 and p38 pathways (Figures 2C-2E Since netrin-1 activates both p42/p44 and p38 and induces retinal growth cone collapse (80%-85%) through a pathway that involves proteasomal degradanetrin-1-induced growth cone collapse and turning are We also observed a rapid activation of the p38 pathway in response to netrin-1. This pathway is commonly associated with cellular responses to "stress" and has not previously been linked to axon growth and guidance. Previously it has been reported that netrin-1 does not lead to activation of p38 (Forcet et al., 2002) . The difference in the results may be due to the different cell types used in the two studies-a mammalian non-neuronal cell line compared to Xenopus retinal growth cones. Netrin-1 signaling has been found to differ depending on the cell type studied. For example, the adenosine 2b receptor (Corset et al., 2000) was found to be involved Our data show that netrin-1-and Sema3A-induced caspase-3 activity, suggesting a new role for the apoprotein synthesis are prevented by inhibition of p42/p44 ptotic pathway in mediating growth cone responses and that, in addition, netrin-1-induced protein synthesis (summary diagram, Figure 7) . requires p38. We have also examined possible interacIn agreement with a recent study on Xenopus spinal tions between the p42/p44 and p38 pathways in mediatgrowth cones (Forcet et al., 2002) , our results show that ing netrin-1-induced growth cone collapse, and our rep42/p44 is involved in the initial turning response of sults are in line with both pathways acting synergistically growth cones in a netrin-1 gradient. This is somewhat in mediating the collapse response. Since these experiments rely on the use of pharmacological agents, it is at odds with a study on Xenopus spinal neurons which 
